The Karmanasa basin is spread over the Kaimur sandstone (Upper Vindhyan) and marginal Ganga plain with the areal extension of about 7926 km 2 . The quantitative approach of the basin development of the Karmanasa River basin was carried out by the morphometric parameters. The drainage network was extracted from SRTM data. The trellis pattern characterizes upstream of the drainage basin, while the dendritic pattern is noticed in middle and downstream of the basin. The drainage density (0.34-0.44) indicates that the basin has highly permeable subsoil and thick vegetative cover. Relatively larger values of form factor (SW-1, SW-2, SW-3, SW-6 and KW) signify higher flow peak for a shorter duration. High values of ruggedness number and relief ratio suggest that Karmanasa basin is prone to soil erosion. The present work shows that the Karmanasa basin is less prone to flood, vulnerable to soil erosion and a good resource of surface water. This study would help to utilize the water resources and extended for sustainable development of the Karmanasa River basin area.
Introduction
Morphometric analysis of the river basin is a quantitative representation of basin. Morphometric analysis of a basin provides information about the characteristics of the drainage system, topographic pattern of earth's surface, the shape and dimensions of its landforms, and it is also an imperative technique to assess and comprehend the role of basin dynamics (Pati et al. 2006 (Pati et al. , 2008 Withanage et al. 2014; Prakash et al. 2016a, b; Singh et al. 2018a, b) . The morphometric analysis strengthens fundamental of the geometric uniqueness of the fluvial landscape with the degree of lithological and structural controls (Pophare and Balpande 2014) . In addition, the drainage patterns have good indicators for subsurface geology and effective processes (Ritter 1986 ). The morphometric analysis was adopted to determine issues related to basin analysis (Thomas et al. 2010; Singh et al. 2014 ); prioritization of micro-basins provides valuable information water resources potential assessment and management (Chandrashekar et al. 2015; Pankaj and Kumar 2009; Sarmah et al.2012; Vandana 2013 ).
Digital elevation model (DEM) is the dataset for various studies that include morphometric, neo-tectonic and hydrologic studies (Jensen 1991; Patel et al. 2016; Wise 2000; Singh and Kanhaiya 2015; Prakash et al. 2017a, b, c; Kanhaiya et al. 2018) . Extracting drainage parameters from DEM is proficient, accurate and efficient (Moore et al. 1991) . GIS platform is ideal for morphometric analysis because of its potency in processing and quantifying topographic data (Altaf et al. 2013; Prakash et al. 2016a, b) . In the absence of hydrologic data, morphometric analysis can provide significant information about hydrologic characteristics of the basin (Perucca and Angilieri 2011; Angillieri 2012; Soni 2016; Kabite and Gessesse 2018; Kaushik and Ghosh 2018a, b) .
These studies tried to the developed relationship between morphometric drainage parameters and hydrologic characteristics of the basin using GIS technique. Therefore, the present aim of the study was to quantify morphometric parameters (linear, areal and relief aspects) and hydrologically characterize the Karmanasa basin. This valuable information could help in soil and water resource planning and basin management.
Study area
The Karmanasa River is an important marginal plain tributary of Ganga River (Fig. 1) . The Karmanasa originates at the height of 350 meters of the Kaimur Group of Upper Vindhyan Supergroup near Sarodag in Kaimur district of Bihar (Fig. 1) . The river flows in a north-westerly direction through the marginal Ganga plain near Chandauli district (Uttar Pradesh), also it forms the eastern boundary between Uttar Pradesh and Bihar, and finally joins the Ganga river near Chausa district of Bihar. The total drainage area of the Karmanasa River basin is 7926 km 2 , and perimeter of the basin is 387 km. Panoramic view of the Karmanasa River is shown in Fig. 2 . Its major tributaries are the Durgavati, the Chandraprabha, the Karunuti, the Nadi and the Khajuri. The Karmanasa River reaches the plains by a succession of leaps, including two falls known as the Devdari and the Chhanpathar.
Methodology
A number of studies revealed that Shuttle Radar Topography Mission Digital Elevation (SRTM-DEM) is much better than ASTER DEM in provided that relatively accurate data to morphometric analyses (Farr et al. 2007 ). SRTM-DEM data are chosen to ASTER DEM due to its nailing vertical and horizontal accuracy (Sun et al. 2003; Forkuor and Maathuis 2012; Kaushik and Ghosh 2015a, b; Patel et al. 2016) . In this study, missing data in SRTM-DEM The base maps of the basins were prepared from SRTM data and data to download from the Consultative Group for International Agriculture Research Consortium for Spatial Information (CGIAR-CSI). Drainage map is derived from the processing of an SRTM data of the study area, with a spatial resolution of 90 m. ArcGIS-10 software was used for delineating the study area and exporting the information. Drainage network was analyzed using Horton's (1932 Horton's ( , 1945 , and Strahler (1964) methods were adopted. The morphometric parameter (length of the individual stream, basin area and perimeter of the basin) was extracted in the Arc GIS-10 platform and used for the morphometric analysis (linear, areal and relief aspects, Table 1 ). As a result, significant geomorphic parameters such as contours, slope gradient and aspects have been quantified.
Results
The morphometric analysis includes a mathematical analysis of the basin, altitude, volume, slope, profiles of the stream (Clark 1966) . The Karmanasa basin occupies 7926.19 km 2 areas in Kaimur sandstone and marginal Ganga plain. The parameters linear, areal and relief aspects have been examined and described in the following sections.
The drainage orientations of the Karmanasa River basin (KW) show polymodal distribution. The drainage patterns in the Karmanasa basin are dendritic in nature, reflecting that the significant parts of the basin have uniform lithology and horizontal to gently dipping strata, while the trellis drainage pattern also noticed in the marginal part of the basin (Fig. 3) . The river is following the regional slope and is well adjusted to the different geological structures of the area. The dendritic drainage pattern indicates that the area has homogeneous lithology. 
Linear aspects
The perimeter of the Karmanasa basin is 387.68 km (Table 2 ). According to Horton (1945) , a measure of the position of the stream in the hierarchy of tributaries is defined as stream order. The classification of streams based on the stream order and tributary junction's type has demonstrated to be a convenient marker of stream size, discharge and drainage area (Strahler, 1957) . The KW is allocated as 6th-order stream (Fig. 3) .
Stream length is a significant morphometric parameter of the basin as it reveals surface runoff nature. Streams that have relatively smaller lengths are characteristics of the steeper slope and finer texture of the area. The streams having comparatively long lengths are suggestive of flat topography with gentle gradients. According to the law of stream length (Horton 1945) , the total length of stream segments is maximum in first-order streams and decreases as the stream order increases. The mean and total stream length of each stream order is given in Table 2 . The relationship between stream length and basin area is characterized as the headward erosion is the predominant driver for the drainage network development and expansion (Hack 1957) . The average stream length ratio is observed maximum 2.46 (SW-4) and minimum 0.53 (SW-3) ( Table 2) , suggestive of the control of rock types and structures in the development of drainage basin.
Bifurcation ratio (Strahler 1964 ) is defined as the ratio of the number of streams of a given order (N u ) to the number of streams to the next higher order (N u + 1). The average values of bifurcation ratio that vary from 3.54 (SW-3) to 4.82 (SW-2) suggest the structures control of the basin.
Areal aspects
Drainage density (D d ) is described as the ratio of total channel lengths to the basin area (Horton 1945; Strahler 1964) . The D d in the study area varies between 0.34 (SW-2) and 0.44 (SW-6) ( Table 2) .
The drainage texture refers to the relative channel spacing of a total number of stream segments of a given length per unit area (Smith 1950) , which is notably prejudiced by climate, vegetation, lithology, soil type, relief and stage of development of a basin.
According to Smith (1950) , the drainage texture is classified into five different textures, very coarse (< 2), coarse (2-4), moderate (4-6), fine (6-8) and very fine (> 8). The study area comes under very coarse drainage texture (0.02-0.03; Table 2 ). According to Schumm (1956) , inverse of drainage density is termed as a constant of channel maintenance (C). In the study area, C varies from 2.27 to 2.94 (Table 2) . A significant value of C indicates a higher infiltration rate and matures to the old stage of the river basin (Schumm 1956 ). The length of overland (L g ) is the length of runoff over the ground before it gets submerged into the main stream (Horton (1945) . The value of L g is affected by rainfall intensity, infiltration rate, soils, vegetations covers, etc. In the study area, L g is varied from 1.13 to 1.47 (Table 2 ). The form factor is used to predict the flow intensity in the basin (Horton 1945; Gregory and Walling 1973) . Form factor shows the inverse relationship with the square of the axial length and a direct relationship with peak discharge (Magesh et al. 2012) . FF of KW is 0.54 (Table 2 ). According to Millar (1958) , the circulatory ratio (R c ) is defined as the ratio of basin area to the area of a circle having the same perimeter as the basin.
The basin has circularity ratios that range from 0.4 to 0.7 to be strongly elongated and highly permeable homogenous lithology (Miller and Summerson 1960) . R c of KW is 0.66, and other sub-basin gave in Table 2 . Elongation ratio (R e ) is defined as the ratio of the diameter of a circle of the same area as the basin to a maximum basin length (Schumm 1956) . R e ratio varies between 0.40 and 1.0 over a sufficient diversity of geology and climate. R e values close to 1.0 are characterized by very low relief, whereas values in the range of 0.6-0.8 are generally associated with strong relief and steep ground slope. R e of basin and sub-basin varies from 0.49 to 0.83 (Table 2) . 
Relief aspects
In the relief, aspects are calculated as relief ratio (R r ), basin relief (R), ruggedness number (R n ) and gradient ratio (R g ), and the data are presented in Table 2 . Basin relief is a parameter that shows the elevation difference between the highest and lowest point in the basin (Hadley and Schumm 1961) . It is the determined stream gradient that influences flood pattern and volume of sediment that can be transported (Hadley and Schumm 1961; Kanhaiya et al. 2018 ). The basin relief varies from 0.085 to 0.58 km (Table 2 ). According to Schumm (1956) , relief ratio is a ratio between basin relief and basin length. Relief ratio is an effective measure of gradient aspects of the basin (Schumm 1956; Vittala et al. 2004 ). Relief ratio in study area varies from 0.004 (KW) and 0.014 (SW-6) ( Table 2 ). The ruggedness number (Strahler 1958; Vijith and Satheesh 2006) is defined as the product of basin relief and drainage density. The ruggedness value of the Karmanasa basin is 0.22 (Table 2) . Gradient ratio is a parameter which indicates channel slope which enables measurement of the runoff volume (Sreedevi et al. 2004 (Sreedevi et al. , 2009 Thomas et al. 2010) . The R g value of KW is 0.004 (Table 2) .
Hydro-geomorphologic characteristics of Karmanasa River basin
The basin morphometric parameters are strongly correlated with basin hydrologic processes (Jensen 1991; Altaf et al. 2013; Prakash et al. 2017a, b; Kanhaiya et al. 2018; Singh et al. 2018a, b; Kabite and Gessesse 2018; Kaushik and Ghosh 2018a, b) . The morphometric analyses make it possible to infer the significant hydrologic behavior of a basin such as flooding, soil erosion and groundwater recharge of a basin from the quantitative morphometric analysis. 
Flood status of the basin
The flooding condition of a Karmanasa basin and subbasin could be incidental from morphometric parameters like area, basin length, drainage density, drainage frequency, form factor, circularity ratio and elongation ratio. Elongated sub-basins (SW-1, SW-2, SW-3, SW-4, SW-5, SW-6) (Fig. 4) , poor drainage density and low frequency of the river basin are predictable to generate minimum peak runoff (Miller 1953; Strahler 1964; Singh and Singh 1997; Soni 2016) . The Rho coefficent is a significant parameter linking drainage density to physiographic development of basin and indicates storage capacity of drainage network (Horton 1945) . The higher values of Rho coefficient for SW-4 and SW-5 (0.23 & 0.62) has indicated the advanced hydrologic storage during the peak discharge and for SW-1, SW-2, SW-3, SW-6, and KW the Rho value infer the low hydrologic storage during the flood. The low value of Rho coefficient indicates the risk of flooding during heavy rainfall as the drainage channels have less capacity to store much runoff. The form factor is prophesying the flow concentration of a basin with a defined area and also has a direct linkage to peak discharge (Horton 1945; Gregory and Walling 1973) .
Relatively larger values of F f (SW-1, SW-2, SW-3, SW-6, KW) indicate higher flow peak for a shorter duration. The value of the F f indicates that the interval time is high in the area resulting in less chance for flooding to occur.
Soil erosion characteristics of the basin
Soil erosion potential and its intensity in a given basin could be obtained from areal and relief aspect (Tejpal 2013) . The parameters indicate soil erosion potential which is the length of overland flow (L g ), Constant of channel maintenance (C), basin relief, relief ratio, channel gradients, ruggedness number, basin length and Melton ruggedness number. A high values of L g (1.35-1.47) and C (0.60-0.66) for SW-1, SW-2, SW-3, SW-4, SW-5, SW-6, and KW, indicate that the area has undergone through the sheet erosion process (Horton 1945; Strahler 1952; Schumm 1956 ).
The variability in stream length ratio (RI) shows the relationship between slope and topography. It has an essential control of discharge and different erosional stages of the basin (Sreedevi et al. 2004) . The increase in RI value from lower to higher order illustrates geomorphic maturity of the basin (Thomas et al. 2010) . The high stream length ratio (2.46) is alluding high erosional activity in the subwatershed (SW-4).
The parameters (L g , C, R, R n , RI) evince that the basin is characterized by a steep slope and rough topographically which allows sediment production and transportation (Wilford et al. 2004 ). The ruggedness value (0.22) of the Karmanasa basin refers that the region is more prone to soil erosion. More elongated basin configuration (SW-1, SW-2, SW-3, SW-4, SW-5, SW-6) and drainage characteristics (low drainage density, coarse texture and low drainage frequency) of the sub-basins (SW-1, SW-2, SW-3, SW-4, SW-5, SW-6) may counterbalance the high soil erosion status that could result from topographic effect. The vulnerability of the basin to severe soil erosion could be tailored by vegetation cover and soil type.
Groundwater recharges potential of the basin
Groundwater recharge potential is prejudiced by stream frequency, drainage density, drainage texture, length of overland flow, etc. Those parameters represent information about the infiltration capacity of the surface and surface runoff (Singh et al. 2014; Soni 2016) . Low drainage density of the sub-basins (SW-1, SW-2, SW-3, SW-4, SW-5, SW-6) is favoured of highly permeable subsoil materials or resistant lithology, under dense vegetations (Strahler 1964) . According to this study, sub-basins (SW-1, SW-2, SW-3, SW-4, SW-5, SW-6) show high groundwater recharges potential.
Morphometric parameters (stream frequency, drainage density, drainage texture, length of overland flow) indicate that water runoff and sediments transportation are slow in the study area which gets extended time to infiltrate during such slow motion. This runoff could be due to the occurrence of underlying permeable materials. Karmanasa basin has been six-order basin. The drainage density of the subbasin and Karmanasa basin indicates that the nature of subsurface materials is permeable as the drainage density is less than 0.5. Poor drainage density and coarse drainage texture characteristic of the Karmanasa basin show good potential for the construction of artificial recharge structures. The mean bifurcation ratios in the study area are between 3.8 and 4.82, demonstrating that the stream networks are formed in the least structural disturbances (Chow 1964; Mekel 1970; Nautiyal 1994; Thomas et al. 2010; Kanhaiya et al. 2018 ).
Conclusion
The study remote sensing and GIS techniques are useful tools to substantiate the different stages of hydro-geomorphologic interpretation of river basin. Morphometric analyses bestow way to understand the status of landform and their processes. High values of ruggedness number and relief ratio suggest that Karmanasa basin is prone to soil erosion with the high degree of slopes and high surface runoff. The analysis is further supported for water recourse planning and management in the water sacristy area of the basin. The various attributes of a drainage basin play a significant role in locating sites for artificial recharge structures. However, a comparison of all the six sub-basins shows that the poor drainage density hence is suitable for construction of recharge structures. In the study area, streams up to the 3rd order are traversed in high altitude, whereas higherorder (4th, 5th and 6th order) streams flow in the relatively flat area and thus will be suitable for the construction of small storage dam (check dams) in the area to recharge the groundwater and further to improve the water table in the Karmanasa basin.
